INTRODUCTION
Monilethrix, a rare autosomal dominant disorder with high penetrance and variable expression, is characterized by an abnormal cuticle of the hair shaft resulting in irregularly beaded nodes or moniliform hair that shows a high propensity to fracturing, sometimes resulting in al~pecia.',~ In several families, monilethrix has been mapped to chromosome 12q13, which contains the type-I1 keratin gene ~l u s t e r .~-~ Most families segregating for monilethrix have been European, but an Indian5nd an Arabian' family have been reported.
Missense mutations in two type-I1 hair cortex keratin genes, hHbl and hHb6, have been found in individuals with monilethrix.R,9 In both genes, the homologous codon, a highly conserved glutamic acid in the helix termination motif, has been the location of an amino acid substitution which is thought to be the cause of their monilethrix. We have identified a large, three generation Palestinian family from Israel that segregates for monilethrix. Molecular analysis revealed a mutation in the hHb6 gene and provides further evidence that mutations of the hHb6 gene are responsible for monilethrix. 
MATERIALS AND METHODS

Clinical sample
An extended Palestinian family from Israel was identified segregating for autosomal dominant monilethrix (Fig. 1 ).All members lived in the same village having a similar socioeconomic level. Diagnosis was established by dermatologic examination and light microscopic investigations of hairs from each individual. The family contains 57 members with 23 clinically affected individuals. Hallmarks of the disease (beaded, fragile hair, and dystrophic alopecia) were present in all clinically affected patients. However, remarkable differences in the phenotype were noted between individuals in the same nuclear family. 
Linkage analysis
STRP markers D12S368 and D12S96 were used for linkage analysis. Amplification of markers was done using a three primer PCR reaction as previously described.'' Marker patterns were visualized using a LI-COR Model 4200 automated infrared sequencer and allele sizes were determined using Gene ImagIR software (LI-COR, Inc., Lincoln, NE). Linkage analysis was performed using analysis programs from the C version of the LINK-AGE package FASTLINK"." and the utility programs Makeped, LCP, LRP, and UNKNOWN from LINKAGE 5.1.'' 
Sequence analysis
Primers reported by Winter et a1.$ were used for the sequencing of the hHb6 gene. Regions to be sequenced were first amplified using the PCR reaction. 15 The forward primer for each amplification primer pair contained an M13 tail, and a primer labeled with a fluorescent dye was used as the sequencing primer. Sequencing was done using a cycle sequencing kit (Promega, Madison, WI) and the sequencing ladder was produced and visualized using an infrared fluorescent automated DNA sequencer (LI-COR, Inc., Lincoln, NE).
RESULTS AND DISCUSSION
The monilethrix phenotype segregated in an autosomal dominant mode of inheritance. Follicular keratosis is one of the features detected in some of the patients with monilethrix. In the kindred, follicular keratosis was exclusively noted over the scalp and neck of 6 of the 25 affected individuals. Except for one case, the keratosis phenotype clustered in nuclear families. There were no known differences in the environment, indicating that other modifying genes may be responsible for the differences in the phenotype. To determine the cause of monilethrix in this family, we first analyzed hHb6 as a candidate locus. Genetic linkage analysis was performed using two markers on chromosome 12q13 flanking the hHb6 gene (D12S368 and D12S96).3 The consanguineous matings in this pedigree were analyzed as nonconsanguineous matings, which should result in a more conservative analysis. Both markers gave strong evidence for linkage. The marker D12S368 gave a lod score of 3.91 and D12S96 gave a lod score of 5.07, both for e = 0.0.
Based on the linkage results, we sequenced exon 7 of the hHb6 gene, where a "hot spot" for mutations in this gene had been previously reported.$v9 A base substitution of G -+ T at nucleotide 1230 ( Fig. 2A) , resulting in a glutamic acid to aspartic acid amino acid substitution at codon 410 (E410D), was identified (Fig. 2B) . Sequencing analysis showed that affected individuals 1-1, 11-1,II-7,II-13, and 111-31 were all heterozygous for this base substitution. Unaffected individuals 1-2, II-3, and 111-10 were found to have a normal DNA sequence at this codon. This base substitution is identical to the mutation reported by Winter et a1.' in a three generation French family segregating for monilethrix. This mutation may reflect an old mutation that is in both the Palestinian and French populations, or a mutational hot spot in a conserved critical region of the hHb6 gene. Linkage analysis of the French family was not performed, preventing comparison of haplotypes in these two pedigrees. No genotypelphenotype correlations can be concluded because the same mutation results in a variable phenotype. A different mutation at the same codon (E410K), due to a base substitution of G + A at nucleotide 1228 resulting in a glutamic acid to lysine amino acid substitution, has also been reported in a British familf and in a German family.9 A mutation in the hHb1 gene, also a type-I1 hair keratin, affecting the homologous codon E403K was also r e~o r t e d .~ This glutamic acid is part of a highly-conserved 9 amino acid motif of the helix termination peptide (TYRKLLEGE), which is at the C-terminal end of the rod domain found in all types of intermediate filament proteins that include type-I1 hair keratins and other keratins.I6 Heterodimers containing mutations in this motif were shown to alter intermediate filament formation. Disease-causing missense mutations involving a glutamic acid in an equivalent position at the end of this motif have also been reported in families with ichthyosis bullosa of Siemens in the keratin 2e gene,l7*l8 epidermolysis bullosa simplex in the keratin 5 gene,I9 and Meesmann's corneal dystrophy in the keratin 3 geneZ0 showing the importance of this motif to proper protein function.
